INTRODUCTION
============

Inflammatory bowel disease (IBD), which includes ulcerative colitis (UC), and Crohn disease (CD), is a chronic relapsing inflammatory disorder of the gastrointestinal tract. The exact cause of IBD remains unclear, but it has generally been thought that immune abnormalities, genetic factors, and environmental factors may play a significant role in its etiology and pathogenesis.[@B1] It is currently thought that intestinal inflammation in IBD is caused by altered immunological function resulting from interactions between genetic and environmental factors.[@B1] There have been many studies in recent decades seeking to identify environmental factors that affect the course of IBD, including seasonal variation. Some studies have demonstrated significant associations between seasonality and birth month, onset of symptoms, or flares in IBD, whereas other studies have failed to show such a relationship.[@B2]-[@B17] However, most of these studies were performed in Western countries. Although the incidence and prevalence of IBD in Asia have been rapidly increasing in recent years,[@B18] there have been few studies regarding the seasonal patterns of IBD in Asian populations. To date, only one study has examined seasonal variation in flares and month of birth in patients with UC in an Asian population, in this case a Chinese population.[@B19]

Several studies have revealed that there is some heterogeneity among ethnic groups in the clinical phenotypes of IBD, which may be due to differences in genetic and environmental backgrounds.[@B18],[@B20] The clinical course of IBD in Korean patients seems milder than in patients in Western countries, as indicated by the lower rates of surgical intervention and better responses to medical management.[@B21]-[@B23] In addition, Korean CD patients differ from Western patients in gender distribution, disease location, and perianal fistula occurrence.[@B23] Based on this, we speculate that Korean IBD patients may show different seasonal patterns from those of Western patients. The aim of this study was to investigate the seasonal and monthly variations of birth dates and symptom flares among Korean patients with UC and CD.

MATERIALS AND METHODS
=====================

1. Study subjects
-----------------

This was a retrospective and multicenter study conducted at six university hospitals (Kangbuk Samsung Hospital, Samsung Medical Center, Kyung Hee University Medical Center, Dongguk University Ilsan Hospital, Soonchunhyang University Cheonan Hospital, and Hanyang University Guri Hospital) in Seoul, Korea. Patients with a diagnosis of IBD established between January 2003 and December 2010 were included and investigated for associations between birth month and symptom flares. UC and CD diagnoses were confirmed by previously established international criteria based on clinical, endoscopic, histopathological, and radiological findings.[@B24] We included only patients who were able to accurately indicate the exact month when symptoms appeared or became aggravated. The following patients were excluded from the study: 1) patients who had been on systemic corticosteroids or immunosuppressive agents for concomitant diseases other than IBD, such as rheumatologic disease, asthma, or chronic obstructive pulmonary disease, as these drugs may reduce IBD flares; 2) patients who had no IBD flares identified during follow-up; and 3) patients with less than 1 year of follow-up time.

2. Identification of flares
---------------------------

Symptom flares were established if at least one of the following criteria were met: 1) the appearance of typical symptoms, such as diarrhea, abdominal pain, weight loss, perianal fistula, perianal abscess, or rectal bleeding; 2) receipt of a new prescription or increasing dose of immunosuppressants, corticosteroids, cyclosporine, or infliximab in existing medications; or 3) hospitalization or surgery due to the worsening of symptoms or the development of complications.

We defined the seasons as follows: spring included March, April, and May; summer included June, July, and August; autumn included September, October, and November; and winter included December, January, and February.

This study was approved by the Institutional Review Board of Kangbuk Samsung Hospital, which confirmed that the study was in accordance with the ethical guidelines of the Declaration of Helsinki.

3. Statistical analysis
-----------------------

The software program SPSS version 12 (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. The expected number of births and flares were calculated assuming a uniform distribution during the year and taking into account the differences in the number of days in a month and compared to the number and distribution of births and flares observed. Statistical analysis was performed using the chi-square test and p-values \<0.05 were considered statistically significant.

RESULTS
=======

1. Clinical characteristics of study subjects
---------------------------------------------

A total of 727 patients with IBD (411 patients with UC and 316 patients with CD) were enrolled in the study. A total of 698 symptom flares in UC patients and 587 symptom flares in CD patients were identified. [Table 1](#T1){ref-type="table"} shows the clinical characteristics of all enrolled patients. There was a predominance of males for both UC and CD (58.9% and 73.1%, respectively). The median age at diagnosis of UC and CD was 42 years (range, 18 to 81 years) and 27 years (range, 14 to 78 years), respectively. The median follow-up durations for UC patients and CD patients after diagnosis were 5.5 years (range, 1.0 to 13.0 years) and 5.5 years (range, 1.0 to 16.2 years), respectively. The number of patients who had experienced two or more flare-ups was 144 (35.0%) for UC and 142 (44.9%) for CD. Bloody stool and abdominal pain were the most common symptoms of flares in UC and CD, respectively. Twenty-six patients with UC (3.7%) and 93 patients with CD (15.8%) underwent surgical intestinal resection for treatment of symptom flare-ups.

2. Monthly and seasonal distributions of birth dates
----------------------------------------------------

The observed and expected frequency of birth month in patients with IBD by month and season are shown in [Tables 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}, respectively. IBD patients as a whole presented monthly (χ^2^~(11\ *df*)~=21.772, p=0.026) and seasonal variations (χ^2^~(3\ *df*)~=9.434, p=0.024) in births. The peak birth dates for IBD patients as a whole occurred during the winter, especially in January and February, while the nadir occurred in the autumn. This seasonal variation was also observed for UC (χ^2^~(3\ *df*)~=9.668, p=0.022). A similar trend of monthly variation, although not statistically significant, was observed for UC (χ^2^~(11\ *df*)~=18.264, p=0.076). For CD, birth dates occurred most frequently in winter, especially in January and February, but this difference did not reach statistical significance (χ^2^~(3\ *df*)~=1.512, p=0.679 and χ^2^~(11\ *df*)~=14.726, p=0.195).

3. Monthly and seasonal distribution of disease flares
------------------------------------------------------

[Tables 4](#T4){ref-type="table"} and [5](#T5){ref-type="table"} show the observed and expected frequency of symptom flares in patients with IBD per month and season, respectively. There was no statistical difference in disease flares according to month in UC (p=0.968) or CD (p=0.117). When the season during which disease flares occurred was included, a significant departure from a uniform distribution was seen among CD patients. The peak of disease flares was shown to be in spring, and the nadir in autumn (χ^2^~(3\ *df*)~=10.584, p=0.014). However, we found no statistical differences in the seasonal distribution of disease flares among UC patients (p=0.963). When we analyzed only patients who had experienced two or more flare-ups, disease flares in both UC and CD were unaffected by any monthly (p=0.561 and p=0.198, respectively) or seasonal variation (p=0.325 and p=0.234, respectively).

DISCUSSION
==========

Environmental exposures change with the seasons. These environmental exposures may contribute to the inducement of IBD and may influence the clinical course of IBD. The relationship between seasonality and birth month or symptom flares among IBD patients has been investigated in a number of studies. However, these studies have reported inconsistent results.

Several previous studies found a significant association between the month or season of birth and later development of IBD. A Danish study demonstrated a peak in birth dates occurring in August and a trough in March among 627 CD patients aged less than 21.[@B15] According to a study from Slovakia, the birth rate of children with later childhood-onset CD was highest in summer.[@B3] In a Belgian cohort, a significantly reduced risk for development of CD was observed for people born in June.[@B17] Another study in an Israeli population revealed that birth during the winter period was associated with an increased risk for development of CD, whereas no such seasonal variation was noted for UC patients.[@B14] More recently, a study from Italy showed a significant association between the occurrence of CD and birth in the months of July.[@B13] On the other hand, three publications from the United Kingdom demonstrated no seasonal variation in the birth month of patients who subsequently developed IBD.[@B12],[@B16],[@B25]

In the current study, we found a high frequency of births in the winter, especially in January and February, among IBD patients as a whole. These monthly and seasonal patterns were more pronounced for UC than for CD. Our results regarding births are roughly similar to those of the study in an Israeli population, but they are not consistent with those from Western populations. These heterogenous results among study populations may reflect the distinct genetic backgrounds of the different races and variation in environmental triggering factors by geographic area. Seasonal changes in immune function are mediated by the pineal hormone melatonin.[@B26] This hormone induces proinflammatory action by enhancing the release of T helper cell type 1 cytokines and by modulating the release of glucocorticoids.[@B26] An increase in the blood concentration of adrenocortical steroids in response to winter stressors can compromise immune function.[@B27] Perinatal exposure to seasonal factors such as hormonal changes during the maturation of the immune system may play a role in development of IBD and predispose individuals to increased risk later in life.

Conflicting data have also been reported regarding the seasonal variation in IBD symptom flares. Some studies have demonstrated increased rates of flares in the spring in patients with UC,[@B8],[@B9] whereas other studies have found increased rates of flares in the autumn or winter.[@B2],[@B6],[@B28] One study reported that symptom flares occurred more frequently in autumn and winter in patients with CD.[@B11] Still other studies did not find a seasonal pattern of flares among patients with IBD.[@B7],[@B10],[@B29]

The present study demonstrated that CD symptom flares were higher during spring and lower during autumn. A few studies have identified an association between respiratory tract infection and relapse of IBD and have suggested that respiratory tract infection may predispose patients to exacerbation of IBD.[@B30],[@B31] In Korea, most respiratory tract viral infections show a seasonal pattern of occurrence with a peak in the spring and lower occurrence in autumn.[@B32]-[@B34] This characteristic seasonal pattern of viral infection in Korea may suggest a link between viral infection and CD flares. Another possible explanation could be that temperature change may facilitate CD flares in the spring. Warmer temperatures may promote the locomotion of human neutrophilic leukocytes and thereby induce the release of inflammatory mediators such as interleukin-6.[@B35] IBD patients adapted to cold weather may be more vulnerable to a rise in temperature rather than the high temperature itself, explaining why summer is not the season with the greatest number of flares. Further investigations are needed to elucidate the mechanisms behind the seasonality of flares in patients with CD. Our results showed a significant seasonality in symptom flares in CD patients but not in UC patients. The reasons for this discrepancy are not clear, but our findings suggest that CD flares may be more influenced by environmental factors such as seasonality than UC flares.

To date, little data on seasonal patterns of birth month and IBD flares have been collected from Asian populations. Only one study has investigated the seasonal variation in flares and birth month in an Asian population, and this was done in a Chinese population.[@B19] According to that study, the peak number of UC symptom flares occurred during spring and summer, while there was no statistical difference by seasonal birth distribution, although the births of UC patients occurred more frequently in the autumn-winter period than in the spring-summer period. However, the seasonality of CD patients was not examined. Our study is the first to evaluate the seasonality of both CD and UC in an Asian population.

We confirmed that the seasonal patterns in births and symptom flares in Korean IBD patients were different from those found in Chinese and Western populations. These differences in the seasonality of IBD between Asian nations emphasize the importance of genetic and environmental factors in different geographic areas in the development and clinical course of IBD.

Our study had several limitations. First, we analyzed symptom flares retrospectively and thus it is possible that some flares may have gone undocumented, as symptoms may not have been very severe and thus not reported. Second, smoking status and medications such as antibiotics, nonsteroidal anti-inflammatory drugs, and oral contraceptives, which could potentially influence IBD relapse, were not investigated. Failure to adjust for these factors may produce bias in our results. Third, the observed births were compared to the expected births with a uniform distribution during the year, rather than the actual births of an age-and sex-matched control group. Fourth, we did not include patients who had no IBD flares identified in analysis of association between birth months and seasonality. Finally, our study was not population-based, but rather hospital-based. Therefore, there may be a referral-center bias with the inclusion of more severe cases in our cohort. However, IBD is still an uncommon disease in Korea, and IBD patients are generally diagnosed and managed by gastroenterology specialists in a university hospital. Furthermore, we only analyzed data from patients first diagnosed in the study hospitals, excluding those referred by other physicians. In addition, our study was performed in six university hospitals located in rural as well as urban areas. Therefore, it is not unreasonable that our cohort adequately represented Korean IBD patients.

In conclusion, this study was the first of its kind to be performed in Korea, and found a significant association between the occurrence of IBD and birth in the winter season, especially in January and February. In addition, this study showed that the symptom flares of CD patients occurred mainly in the spring, whereas a seasonal pattern was not observed in symptom flares of UC patients. These results suggest that seasonal environmental variation may be involved in the development of IBD and the clinical course of CD. Further studies should be performed in Asian populations to evaluate the numerous potential links between the pathogenesis of IBD and environmental factors.
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Clinical Characteristics of Inflammatory Bowel Disease Patients
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Data are presented as number (%) or median (range).

UC, ulcerative colitis; CD, Crohn disease; NA, not applicable; UGI, upper gastrointestinal; ASA, aminosalicylic acid.

^\*^A total of 1,285 symptom flares (698 flares in UC and 587 flares in CD) were analyzed.
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Observed versus Expected Number of Births for Every Month in 727 Inflammatory Bowel Disease Patients
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IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn disease.
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Observed versus Expected Number of Births for Every Season in 727 Inflammatory Bowel Disease Patients
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IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn disease.
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Observed versus Expected Monthly Frequency of Disease Flares in 727 Inflammatory Bowel Disease Patients (Total of 1,285 Symptom Flares: 698 Flares in Ulcerative Colitis and 587 Flares in Crohn Disease)
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IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn disease.
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Observed versus Expected Seasonal Frequency of Disease Flares in 727 Inflammatory Bowel Disease Patients (Total of 1,285 Symptom Flares: 698 Flares in Ulcerative Colitis and 587 Flares in Crohn Disease)

![](gnl-7-661-i005)

IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn disease.
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